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CARBON -AIR ELECTRODES 

FOR LOW TEMPERATURE F U E L  CELLS 

by K. V. Kordesch 

P a r m a  Technical Center ,  P a r m a ,  Ohio 
' Union Carb ide  Corporation, Development Department  

I. INTRODUCTION 

The economy of a t e r r e s t r i a l ,  low t empera tu re  fue l  ce l l  sys tem 

depends strongly on the feasibility of using air  a t  a tmospher ic  p r e s -  

su re .  High cu r ren t  densities are  requi red  to keep ba t te ry  weight and 

s i ze  down; s imple  operation, preferably at a tmospher ic  p r e s s u r e ,  i s  

des i r ed  to avoid cost ly  and energy-consuming accesso r i e s .  Las t ,  but 

not leas t ,  the use  of noble meta l  ca ta lys t s  and expensive s t ruc tu ra l  

ma te r i a l s  mus t  b e  res t r ic ted  to a minimum. 

At the present  t ime,  low tempera ture ,  acidic-electrolyte ,  fuel 

ce l l  sys t ems  have not reached the development s tage  which would 

indicate  the i r  pract ical  utilization in  the nea r  future. 

the discussion will be  limited to a lkal ine electrolytes  only. 

phobic carbon e lec t rodes ,  i t  is a ma t t e r  of technical choice whether  

liquid or immobil ized electrolytes  a r e  used;  therefore ,  no differentia- 

tion will be  made.  

11. DISCUSSION 

1. 

F o r  this  reason,  

With hydro- 

The  Pe r fo rmance  of Carbon-Air  Electrodes.  

a )  Comparison of Polar izat ion Curves .  - The potential of a n  

electrode a t  a given load is  dependent on the act ivi ty  of the catalyt ic  

sys t em used. Carbon-oxygen (air) electrodes function a s  hydrogen, 

peroxide-producing, gas-diffusion electrodes,  and f o r  this  reason  

show a s t rong dependence on the peroxide-decomposing capability of 

the electrode sur face .  (1  ) 

Figure  1 shows the polarization curves  of t h ree  differently 

catalyzed carbon electrodes.  

of the Pt-catalyzed cathodes-Pt is deposited in  a quantity of 1 mi l l ig ram 

pe r  cm2 of geometr ic  surface.  

Charac te r i s t ic  i s  the high voltage level  

A ve ry  r emarkab le  per formance  is shown 
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by the th i rd  e lec t rode ,  containing no specially .added metals-only the 

peroxide-decomposing catalytic activity of the basic CoOA1203 spinel- 

containing ca rbon  is demonstrated.  (2) While the initial performance 

level i s  lower,  t h e  cu r ren t - ca r ry ing  abil i ty is g rea t e r  a t  very  high 

cu r ren t  dens i t ies .  
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Fig .  1 E lec t rode  Polar iza t ion  Curves  Employing Different 
Cata lys t s  (L inea r  Diagram). 

The  uppe r - th ree  cu rves  of Fig.  1 w e r e  obtained with so-called 

"fixed-zone", 0. 03 -inch thick composite e lec t rodes  consisting of a repel-  

lent porous nickel plaque (0. 008-inch thick) coated with layers  of cata- 

lyzed carbon. (3)  The fourth curve  in Fig. 1 was obtained with a platinum- 

catalyzed, 0. 25-inch thick carbon e lec t rode  (1  mg P t / cmz) .  

oxygen pe r fo rmance  (not shown) of 0. 25-inch and 0. 03-inch electrodes i s  

essentially equal, the per formance  with a i r  i s  very  different. 

electrode i s  c l e a r l y  diffusion-limited. 

While pure 

The thicker 

The  s a m e  vol tage-cur ren t  cu rves  of Fig.  1 ( l inear  d iagram)  a r e  

replotted in F ig .  2 using a logarithmic absc i s sa .  The s imi la r i ty  in e lec-  
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t rochemica l  behavior of the four  electrodes becomes m o r e  apparent  in 

the s e c m d  figure.  

decade a t  low cu r ren t  dens i t ies ) ,  but the voltage leve ls  a r e  different 

in accordance  with the chosen catalyst .  

of the  "mass - t r anspor t  limitation" (as expected, considering the  d i f -  

f e r ence  in e lec t rode  thicknesses).  

catalyzed" thin e lec t rode  is not accidental-this cha rac t e r i s t i c  i s  

consistently observed. 

The Tafel  slopes a r e  identical (40 to 50 mv per  

Also different is the extent 

The  c r o s s - o v e r  of the "spinel- 
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Fig.  2 Elec t rode  Polarization Curves  Employing Different 
Cata lys t s  (Logarithmic Diagram) .  

b )  Operational Life of A i r  Elec t rodes .  - Life of the electrodes 

depends,  first of a l l ,  upon the cu r ren t  density. 

mines  the operational voltage (as  F igs .  The 

"polarization level" ( te rmina l  voltage mmus  the voltage d r o p  i n  the 

res i s t ive  components of the ce l l )  i s  a m o r e  decisive pa rame te r  than 

the "terminal voltage". Thls " res i s tance- f ree ' '  voltage can be d e t e r -  

mined by means  of c u r r e n t  i n t e r rup te r  devices (4) ,  o r  suitably placed 

r e f  e r enc e electrodes.  

Cur ren t  density de te r -  

1 and 2 demonst ra te ) .  

1 
Y 
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The re la t ionship  between c u r r e n t  density and operational life 

s e e m s  to be  a n  exponential function. 

usually d e c r e a s e s  life to one-fourth the  t ime,  o r  v ice  v e r s a ;  cutting 

the cu r ren t  density in  half prolongs the electrode life fourfold. 

should be  cons idered  only a s  a "rule-of-thumb''  fitting o u r  present  

expe rienc e. 

Doubling the c u r r e n t  density 

This 

F i g u r e  3 shows the  per formance  life of 1965 Union Carb ide  

thin electrodes operating on a continuous load corresponding to 100 

A / S F  (105 ma /cm2) .  

has  been used. 

It should be noted that COZ-free ( scrubbed)  a i r  

- 0.03" AIR ELECTRODE PERFORMANCE -1.0 a: 

- 9 
- -0.0 g 

CONTINUOUS LOAD : 100 A/SF - SCRUBBED AIR , 12 N KOH, 65'C I" - - - I F  - - - 0 - 0.9 
MAY 65 
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c )  The  effect of C Q  on electrode life (ca ta lys t s ,  var ia t ion 

in  e lectrolytes ,  etc. ), and 

d )  Poss ib le  explanation of the effects. 

a )  The Effect of Carbonate  in the Electrolyte. - F o r  compar i -  

son,  two identical ce l l s  were  operated in 6 molar  KOH containing 0 .4  

mol  potassium carbonate ,  and 6 mola r  KOH containing 1. 0 mol  potas- 

s ium carbonate. The air supplied to the ce l l  was cleaned in  a gas  wash 

tower containing KOH; no additional COz was absorbed  during operation. 

No noticeable difference in performance was observed. 

b )  Rate of CQ-Contaminat ion through the Operating Electrode.  - 
The speed of COz-pickup f rom the air  through the wall of cathodes was 

f i r s t  tes ted with 0. 25-inch carbon cathodes continuously exposed to 

room a i r  in a concentr ic ,  t r iangular ,  7-cel l  bat tery (5). Table  I gives 

the data which show that the COz-takeup f rom the a i r  ( for  6 M KOH) was 

rapid during the f i r s t  few days,  then slowed down considerably. 

TABLE I 
RATE OF COZ-CONTAMINATION OF 6 M KOH 

IN AIR-EXPOSED CELLS (15 ma /cmz  LOAD) 
eb 

Time Elapsed Since Exposure of Titrate?- 
Cathodes (6 M KOH) to Air  M co, 

72 Hours  = 3 Days 0 .4  M 
720 Hours  = 4 Weeks 1. 0 M 

2160 Hours  3 Months 2. 5 M 

Adding KOH pellets to the par t ia l ly  neutral ized caus t ic  solution 

until the OH- ion concentration corresponded to 6 M KOH res to red  the 

o rigina 1 performance.  

c )  The Effect of C Q  on Electrode Life. - The 0. 25-inch c a r -  

bon electrodes -used ii, the concent r ic - ( t r iangular )  ce l l s ,  mentioned 

above, ca r r i ed  no special  meta l  catalyst .  

vived 4000 hours  a t  a cu r ren t  density of 15 ma /cmz ;  some  operated 

f o r  7000 h0ur.s. 
ditions of operation and a i r  exposure when 0. 25-inch, platinum- 

catalyzed (1  m g / c m z )  cathodes 

Most of the t e s t  ce l l s  s u r -  
. .  

Cell  life was  only about 800 hours  under  the same  con- 

w e r e  employed. 
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F igu re  4 i l lus t ra tes  the average  resu l t s  of these  tes ts .  The 

voltage level  of the noble metal-catalyzed cathodes was higher, but 

life was far sho r t e r .  

1.6 r I 
I r Pt . CATALYZED I 

- - - - - 

I5 mA/CM' 
20'C 

1.2 0.25" ELECTRODES 
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Fig. 4 P e r f o r m a n c e  with C02-Containing Air ,  Comparing Noble 
Metal-Catalyzed vs. Spinel-Catalyzed Cathodes. 

In another  s e r i e s ,  platinum-catalyzed, thin electrodes (1963) 

w e r e  operated with COz-containing air ,  using 6 N KOH fo r  one s e t  of 

ce l l s ,  and 6 N NaOH f o r  the other. 

cathodes in NaOH outlived the cathodes in  KOH by a wide margin,  

again a t  the cos t  of the voltage level, however. 

F igure  5 shows the results-the 

E " I -  1.4 

+ 
I I 1 I I I I I I 

0 200 400 600 000 I (  2 1.01 

I ,  

1 

TIME (HOURS) D-1881 

F i g .  5 Per fo rmance  with COz-Containing Air ,  Comparing Plat inum- 
Catalyzed Cathodes-6 N KOH vs .  6 N NaOH. 
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A th i rd  combination (uncatalyzed e lec t rodes  i n  NaOH e lec t ro-  

lyte)  did not look promising f r o m  the ce l l -per formance  standpoint a t  

that time. This combination will be  t r i ed  in the fu ture  using newer,  
\ m o r e  act ive electrodes.  

d )  Poss ib le  Explanation of Effects  - Phys ica l  examination of 

the COz-damaged electrodes always revealed a mechanical  blockage. 

It s eems  that the degree  of repel lency of an  electrode de te rmines  the 
degree  of res i s tance  against  CO, damage. NaOH i s  l e s s  wetting than 

KOH, and platinum-catalyzed e lec t rodes  a r e  l e s s  repel lent  than elec-  

t rodes  without platinum catalyzation. 

density dependent; a heavily polar ized air electrode has  a shor t e r  

life in the s a m e  electrolyte  than does one showing a l e s s e r  deg ree  of 

polarization. 

C 4 - d a m a g e  is a l so  cu r ren t -  

Experiments  with porous me ta l  e lectrodes indicate that "wet"- 

operated electrodes ( g a s  p r e s s u r e  balance)  have a n  ex t remely  low 

tolerance for  COz. The po res  of such electrodes plug within a few 

hours ,  and physical damage (possibly by expanding carbonate)  is 

i r revers ib le .  Carbonate-plugged, 0. 25-inch carbon electrodes w e r e  

usually permanently damaged, and could not b e  revived. However,  

the newer thin composi te  e lectrodes have frequently been washed and 

reused. 

111. CONCLUSIONS 

Carbon-containing cathodes s e e m  to b e  the m o s t  des i r ab le  elec- 

t rodes  fo r  high-power density, economical, a i r - fue l  cel ls .  The  fuel  

source  for  such low t empera tu re  ce l l s  may be  hydrogen ' f rom hydro- 

carbon r e fo rmer  units, o r  hydrogen f r o m  alcohol o r  ammonia con- 

v e r t e r s .  

At present ,  C q  removal  i s  necessa ry  during air  operat ion in 

o r d e r  to a t ta in  long life a t  high cu r ren t  densi t ies .  However,  recogni- 

tion of the na ture  of carbon dioxide effects on today's e lec t rodes  is the 

f i r s t  s tep  towards possible  fu ture  remedy. 

In the au thor ' s  opinion, of a l l  the  avai lable  cathodes,  the carbon 

electrode is the l ea s t  sensi t ive to carbon dioxide damage. 
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